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(57) Abstract: Compounds represented 
by the following general formula (1) 
have a potent activity of selectively 
inhibiting HDAC1,4. Thus, these 
compounds are useful as drugs for 
preventing or treating diseases caused 
by HDAC1,4. (1) 
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*%W\$KX hVjfcT-fcfyWblP* (Histone deacetylase:HDAC) Pl^J&J; 

W&$L®<0? n ^^sffifc b i&fcTommt, t * h >T±^Mmm (HAT) 
Ki-Sfc;* hy<DT±^Mtb, t^b^JKT-fe^/WbS* (hdac) \z&ZMT 
tfMbfc±ot|»^ilTV^ 0 HDAC ©BWW*s#A/3IWft©^b^ T*°h 

§ (Marks, P. A. , Richon, V. M. , and Rifkind, R. A. (2000) . Histone deace 
. tylase inhibitors: Inducers of differentiation or apoptosis of transform 
ed cells. J. Natl. Cancer Inst. 92, 1210-1216; Yoshida, M. , Horinouchi, 
S. , and Beppu, T. (1995). Trichostatin A and trapoxin: novel chemical pr 
obes for the role of histone acetylation in chromatin structure and func 
tion. Bioessays 17, 423-430; Bernhard, D. , Loffler, M. , Hartmann, B. L. , 
Yoshida, M. , Kofler, R., and Csordas, A. (1999). Interaction between de 
xamethasone and butyrate in apoptosis induction: non-additive in thymocy 
tes and synergistic in a T cell-derived leukemia cell line. Cell Death 
Diff. 6, 609-607) o 

*BT»»«IOfe-ClW#/flWfc LT©^£&^1-VK ifr<0 HDAC PI 
Ir^KNakajima, H. , Kim, Y. B. , Terano, H. , Yoshida, M. , and Horinouchi, 
S. (1998). FR901228, a potent antitumor antibiotic, is a novel histone d 
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eacetylase inhibitor. Exp. Cell Res. 241, 126-133; Saito, A., Yamashita, 
T. , Mariko, Y. , Nosaka, Y. , Tsuchiya, K. , Ando, T. , Suzuki, T. , Tsuruo, 
T., and Nakanishi, 0. (1999). A synthetic inhibitor of histone deacetyl 
ase, MS-27-275, with marked in vivo antitumor activity against human turn 
ors. Proc. Natl. Acad. Sci. USA 96, 4592-4597) eNMSMtfHJftSfrCVtS 

o 

mcmammt lt ( * h v A (tsa) m^*>z><x»^ 

M., Kijima, M. , Akita, M. , and Beppu, T. (1990). Potent and specific inh 
ibition of mammalian histone deacetylase both in vivo and in vitro by tr 
ichostatinA. J. Biol. Chem. 265, 17174-17179) . £R % TSA J*6lfc#?ML 

#e*uau ^mm^if^hmm-r^^tmhtix^^ (Yoshida, M ., N 

omura, S. , and Beppu, T. Effects of trichostatins on differentiation of 
murine erythroleukemia cells. Cancer Res. 47: 3688-3691, 1987; Hoshika 
wa, Y., Kijima, M. , Yoshida, M. , and Beppu, T. Expression of different! 
ation-related markers in teratocarcinoma cells via histone hyperacetylat 
ion by trichostatin A. Agric. Biol. Chem. 55: 1491-1495, 1991; Minucci, 
S., Horn, V., Bhattacharyya, N., Russanova, V., Ogryzko, V. V., Gabriel 
e, L. , Howard, B. H. , and Ozato, K. A histone deacetylase inhibitor pot 
entiates retinoid receptor action in embryonal carcinoma cells. Proc. N 
atl. Acad. Sci. USA 94: 11295-11300, 1997; Inokoshi, J., Katagiri, M. , A 
rima, S. , Tanaka, H. , Hayashi, M. , Kim, Y. B., Furumai, R. , Yoshida, M. , 
Horinouchi, S. , and Omura, S. (1999). Neuronal differentiation of Neuro 
2a cells by inhibitors of cell progression, trichostatin A and butyrola 
ctone I. Biochem. Biophys. Res. Commun. 256, 372-376; Wang, J., Sauntha 
rarajah, Y. , Redner, R. L. , and Liu, J. M. Inhibitors of histone deacet 
ylase relieve ETO-mediated repression and induce differentiation of AML 
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1- ET0 leukemia cells. Cancer Res. 59: 2766-2769, 1999; Munster, P. N. , 
Troso-Sandoval, T. , Rosen, N. , Rifkind, R. , Marks, P. A. , and Richon, V. 

M. The histone deacetylase inhibitor suberoylanilide hydroxamic acid i 
nduces differentiation of human breast cancer cells. Cancer Res. 61: 84 
92-8497, 2001; Ferrara, F. F. , Fazi, F. , Bianchini, A., Padula, F. , Gelm 
etti, V. , Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coco, F. , and Ner 
vi, C. Histone deacetylase-targeted treatment restores retinoic acid si 
gnaling and differentiation in acute myeloid leukemia. Cancer Res. 61: 

2- 7, 2001; Gottlicher, M. , Minucci, S. , Zhu, P., Kramer, 0. H. , Schimpf, 
A., Giavara, S. , Sleeman, J. P., Lo Coco, F. , Nervi, C. , Pelicci, P. G. 

, and Heinzel, T. Valproic acid defines a novel class of HDAC inhibitor 
s inducing differentiation of transformed cells. EMB0 J. 20: 6969-6978, 

2001) . $ e> k hdac mmffl t ttk&wmtt&tt&&s&ik't&wto t 

A,lmE&<Dftik&m&£*lZ> (Minucci, S. , Horn, V., Bhattacharyya, N. , Russ 
anova, V. , Ogryzko, V. V. , Gabriele, L. , Howard, B. H. , and Ozato, K. A 

histone deacetylase inhibitor potentiates retinoid receptor action in e 
mbryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295-11300, 1 
997; Ferrara, F. F., Fazi, F. , Bianchini, A., Padula, F., Gelmetti, V., 
Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coco, F. , and Nervi, C. Hi 
stone deacetylase-targeted treatment restores retinoic acid signaling an 
d differentiation in acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; 

Coffey, D. C. , Kutko, M. C. , Glick, R. D. , Butler, L. M. , Heller, G. , R 
ifkind, R. A. , Marks, P. A. , Richon, V. M. , and La Quaglia, M. P. The h 
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istone deacetylase inhibitor, CBHA, inhibits growth of human neuroblast 
ma xenografts in vivo, alone and synergistically with all-trans retinoic 
acid. Cancer Res. 61: 3591-3594, 2001; Petti, M. C. , Fazi, F. , Gentile 
, M., Diverio, D. , De Fabritiis, P., De Propris, M. S., Fiorini, R. , Spi 
riti, M. A. , Padula, F. , Pelicci, P. G. , Nervi, C. , and Lo Coco, F. Com 
plete remission through blast cell differentiation in PLZF/RARalpha-posi 
tive acute promyelocytic leukemia: in vitro and in vivo studies. Blood 

ioo: 1065-1067, 2002) 0 tut, ^< (D^/u^mx-m^mmm^commm 

—>X&VZm£hZ> (Nan, X., Ng, H. H. , Johnson, C. A., Laherty, C. D., 
Turner, B. M. , Eisenman, R. N. , and Bird, A. Transcriptional repression 
by the methyl-CpG-binding protein MeCP2 involves a histone deacetylase 
complex. Nature 393: 386-389, 1998; Cameron, E. E. , Bachman, K. E. , Myo 
hanen, S. , Herman, J. G. , and Baylin, S. B. Synergy of demethylation an 
d histone deacetylase inhibition in the re-expression of genes silenced 
in cancer. Nature Genet. 21: 103-107, 1999 ; Li, Q. L. , Ito, K. , Sakakur 
a, C, Fukamachi, H. , Inoue, K. , Chi, X. Z. , Lee, K. Y. , Nomura, S. , Lee 
, C W., Han, S. B. , Kim, H. M. , Kim, W. J., Yamamoto, H. , Yamashita, N. 
, Yano, T., Ikeda, T. , Itohara, S. , Inazawa, J., Abe, T. , Hagiwara, A., 
Yamagishi, H. , Ooe, A., Kaneda, A., Sugimura, T. , Ushijima, T., Bae, S. 
C. , and Ito, Y. Causal relationship between the loss of RUNX3 expressio 
n and gastric cancer. Cell 109: 113-124, 2002; Boivin, A. J., Momparler 
, L. F. , Hurtubise, A. , and Momparler, R. L. Antineoplastic action of 
5-aza-2' -deoxycytidine and phenylbutyrate on human lung carcinoma cells. 
Anticancer Drugs 13: 869-874, 2002; Primeau, M. , Gagnon, J., and Mompa 
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rler, R. L. Synergistic antineoplastic action of DNA methylation inhibi 
tor 5-AZA-2' -deoxycytidine and histone deacetylase inhibitor depsipeptid 
e on human breast carcinoma cells. Int J Cancer 103: 177-184, 2003) 0 

V^5o TSA^SAHA^te, Mto<ofc^tfA,*7Mz&^x%m<D%£.&mm£. 

^th7F%nX\t>Z> (Gottlicher, M. , Minucci, S. , Zhu, P., Kramer, 0. H. , 
Schimpf, A. , Giavara, S. , Sleeman, J. P. , Lo Coco, F. , Nervi, C. , Pelic 
ci, P. G. , and Heinzel, T. Valproic acid defines a novel class of HDAC 
inhibitors inducing differentiation of transformed cells. EMB0 J. 20: 6 
969-6978, 2001) 0 

mhcmmntm^Ay^mm^h, mtm^mmm. fernm^ mmm (Dar 

kin-Rattray et al. Proc. Natl. Acad. Sci. USA 93, 13143-13147, 1996) ft 2? 
<Dtm ' &Wm, £ fefcttfce^f&SHJiasttS^ ^|A©« (Dion et 
al., Virology 231, 201-209, 1997) N ^Aitt^^^/Lii (Chen et al. , 
Proc. Natl. Acad. Sci. USA 94, 5798-5803, 1997) & ^$1* fcjfc/lkK^kfrl/T 
V^ D HDACPI^JttJftL^^Pl^ffiSr^i-St^^^tlTV^ (Kim, 

M. S., Kwon, H. J., Lee, Y. M. , Baek, J. H. , Jang, J. E. , Lee, S. W. , Mo 
on, E. J. , Kim, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. W. , and Kim, K. 
W. (2001). Histone deacetylases induce angiogenesis by negative regulat 
ion of tumor suppressor genes. Nature Med. 7, 437-443; Kwon, H. J., Kim 
, M. S. , Kim, M. J., Nakajima, H., and Kim, K. W. (2002). Histone deacet 
ylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 2 
90-296) „ 

<<7k&}vb<Dmwmmit>frox%tz.o m^t. m^comm^m^xmm 
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£>!9(Ito, A., Lai, C. H., Zhao, X., Saito, S. , Hamilton, M. H. , Appella, 
E., and Yao, T. P. (2001). P 300/CBP-mediated p53 acetylation is commonl 
y induced by p53-activating agents and inhibited by MDM2. EMB0 J. 20, 13 
31-1340), Z<Dmimm^W)m*W)AC2&mfrZ)Zk(Juan, L. J., Shia, W. 
J. , Chen, M. H. , Yang, W. M. , Seto, E. , Lin, Y. S. , and Wu, C. ff. (2000 
). Histone Deacetylases Specifically Down-regulate p53-dependent Gene Ac 
tivation. J. Biol. Chem. 275, 20436-20443) > &jfitiffi (APL) <D% 

2m^§§fc>5g&SfPML-RAR4>PLZF-RAR s V ^H^IS^ggfr £ Bcl-6#0^ 

5 (Dhordain P. , Albagli, 0., Lin, R. J., Ansieau, S. , Quief, S., Leutz, 
A., Kerckaert, J. P., Evans, R. M., and Leprince, D. (1997). Compressor 
SMRT binds the BTB/P0Z repressing domain of the LAZ3/BCL6 oncoprotein. 
Proc. Natl. Acad. Sci. USA 94, 10762-10767; Grignani, F. , De, M. S. , Ner 
vi, C, Tomassoni, L. , Gelmetti, V., Cioce, M. , Fanelli, M. , Ruthardt, M 
., Ferrara, F. F. , Zamir, I., Seiser, C. , Grignani, F. , Lazar, M. A., Mi 
nucci, S., and Pelicci, P. G. (1998). Fusion proteins of the retinoic ac 
id receptor-alpha recruit histone deacetylase in promyelocyte leukaemia 
. Nature 391, 815-818; He, L. Z. , Guidez, F. , Tribioli, C. , Peruzzi, D. , 

Ruthardt, M., Zelent, A., and Pandolf i, P. P. (1998). Distinct interact 
ions of PML-RARalpha and PLZF-RARalpha with co- repressors determine dif 
ferential responses to RA in APL. Nature Genet. 18, 126-135; Lin, R. J., 

Nagy, L., Inoue, S. , Shao, ff., Miller, W. J., and Evans, R. M. (1998). 
Role of the histone deacetylase complex in acute promyelocyte leukaemia 
. Nature 391, 811-814). *<D~%X\ W^HfttC^-rS HDAC V"? 9 J 7 
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£qbft(McKinsey, T. A., Zhang, C. L. , Lu, J., and Olson, E. N. (2000). S 
ignal-dependent nuclear export of a histone deacetylase regulates muscle 
differentiation. Nature 408, 106-111; Verdel, A., and Khochbin, S. (199 
9). Identification of a new family of higher eukaryotic histone deacetyl 
ases. Coordinate expression of differentiation-dependent chromatin modif 
iers. J. Biol. Chem. 274, 2440-2445), Ztlb%$MMLfr^tMZ\ty-7*?4 

hdac6 nmw-m^ x o xm-mum & h^u mm*totoKKm&r 

ft^MXh^ (Verdel, A., Curtet, S. , Brocard, M. -P. , Rousseaux, S. , Lem 
ercier, C. , Yoshida, M. , and Khochbin, S. (2000). Active maintenance of 
mHDA2/mHDAC6 histone-deacetylase in the cytoplasm. Curr. Biol. 10, 747- 

749) o wH&\mw£z-?&&&fo<. iEi%temffli<DMk\zmt>z>tmfe&h 

bffi%\hflX\/^& (Matsuyama, A., Shimazu, T. , Sumida, Y., Saito, A., Y 
oshimatsu, Y. , Seigneurin-Berny, D. , Osada, H. , Komatsu, Y. , Nishino, N. 
, Khochbin, S. , Horinouchi, S. , and Yoshida, M. (2002). In vivo destabil 
ization of dynamic microtubules by HDAC6-mediated deacetylation. EMB0 J 
. 21, 6820-6831) 0 HDAC6 \WL'h%fcW&ir &&LT±^MmmX\ 

^BJ}S<DSitl'l4^P#i"^) (Hubbert, C. , Guardiola, A., Shao, R. , Kawaguchi, 
Y., Ito, A., Nixon, A., Yoshida, M. , Wang, X. -F. , and Yao, T. -P. (2002) 
. HDAC6 is a microtubule-associated deacetylase. Nature 417, 455-458) 

s iot HDAC6 <Dmmm*fc®mmi t tn z mm&h 5» tsa hdac 

Y h 9 tf^Vytt HDAC6 ^rPl^i-S ^ b ^ (Fu 

rumai, R. , Komatsu, Y. , Nishino, N. , Khochbin, S. , Yoshida, M. , and Hori 
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nouchi, S. Potent histone deacetylase inhibitors built from trichostati 
n A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98: 87-92, 2001.) „ #*©fifl=»3t©fl|$|a^ Sl^x by 

z<Dzt tm&T h m$-<D®.m\z & o xm* a hdac \zmmm^mm 
TSA^t h***-?j*mm&mKcimtftr», h^vmrn^mttr^^t'cmm 

jSttSrarf (Finnin, M. S., Donigian, J. R. , Cohen, A., Richon, V. M., Ri 
f kind, R. A. , Marks, P. A. , Breslow, R. , and Pavletich, N. P. Structure 
s of a histone deacetylase homologue bound to the TSA and SAHA inhibitor 
s. Nature 401: 188-193, 1999.) 0 t Ka HDAC ffi.WMb L 

Xtt, Oxamf latin (Kim, Y. B. , Lee, K.-H., Sugita, K. , Yoshida, M. , and H 
orinouchi, S. Oxamf latin is a. novel antitumor compound that inhibits ma 
mmalian histone deacetylase. Oncogene 18: 2461-2470, 1999.) „ CHAP (Fur 
umai, R., Komatsu, Y., Nishino, N. , Khochbin, S., Yoshida, M. , and Horin 
ouchi, S. Potent histone deacetylase inhibitors built from trichostatin 
A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98: 87-92, 2001., Komatsu, Y., Tomizaki, L-y., Tsukamoto 
, M., Kato, T., Nishino, N., Sato, S. , Yamori, T., Tsuruo, T., Furumai, 
R. , Yoshida, M. , Horinouchi, S. , and Hayashi, H. Cyclic Hydroxamic-aci 
d-containing Peptide 31, a potent synthetic histone deacetylase inhibito 
r with antitumor activity. Cancer Res. 61: 4459-4466, 2001.) t£k*h%nh 
*VClN-5o L^U TSAttJfctp^S^-efcSiifcifc Kp*Hh&il©^V— j.ffs 

R}&&jjteit#>Km<D}&mi3:&m4 ^t^v-v lx ? & i?©s& 
t\ t h***vj*m&ttzmkcmmm\tzti±x<Dbz6m*A,mi:Lxm: 
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©JtTC^-ejlTC^tbTS'ft'fb-t-SyP K9y^"C*>5 (Furumai, R. , Matsuyama 
, A., Kobashi, N. , Lee, K. -H. , Nishiyama, ML , Nakajima, H. , Tanaka, A., 
Komatsu, Y. , Nishino, N. , Yoshida, M. , and Horinouchi, S. (2002). FK228 
(depsipeptide) as a natural prodrug that inhibits class I histone deacet 
ylases. Cancer Res. 62, 4916-4921) 0 

tit, %mm>t>mRrh7'<'7<?}?mm&Gu m^tLx^^y^h 
y%w*o hdac ummswk&mztiT^Za ^©±5 inrvw^ 

SSl-rsaitt^ h F«5t^#^tt^[^§ttTVN6^(Btl^ Yoshida £>, 1 
995), r^*T©Pl^Jfi^tt^if^S>!r©^-eEmp R R i: tt+^tlJET^ 

^T"t5^^ hy^^K^^-r^^^^^L, ^©HDACPl^ttfc 
fit £ K if3&^ HDAC Mjgtt&jj* $ fcv^ % 3l7C^jT*fc 5 S^** l/>f h 
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5-fcfcJ:5il:^«©jliL»«t»-e©sfc3ett#iir2:i:t>|ci % MS (-SX) 
C 1 3 «T©— lass (D •e^sns-fb'&ifto 

R 43 0 




ll 22> 



(1) 

[5£tf\ R n , R2J, R 31 , ^,tt-t*i-e*i4!lllfcLT***fcH:^^S^grt- 0 R 2 
R23. R 32 , R 33 , R 42 » Rott-t*t-?*i4BlALT** N &*SU~6 ©EjET/i^A-g 

»*A,mwrKp>*frt. ^iR. R 22 ^R 23 , R 31 iR 32 , R 32 £R 33 , ^ 

»ft 1-5 ommr/^uym. mm. i~6 ©#&gi&;£i-;5«5#stgfc 1-5 

0«llrA'*V^»^LT«^LfcjHffifi«r33%1- 0 Xtt, Miflex J; 9 
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5 1 1 4> h 5 T)V*;vm %> L < ttT y * fc ItlltflB R^, R 32 , R», R 42 

, r 4S x ©fc^iff-rs^M^-i -r 

C5] cd %m<Dik&®%tmfcftb\sXttirz>. ssL^mmmn. 
[6] cd mm<Dfc&w*m®i$,frtLx^Tz>. #bi&mmn* 

ft&A* *fcW«aM6T?*)*, [7) fai^teSet: ft n^V5(D ft (DM 

Mo 

C9) -ffis: (2) 



n fj— jRS; (1) ^iL&ilfil-efcljx Hal fiHi^^ ^Mi 1 




(2) 
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R22 R23 R32 R33 R42 R43 

3/ y y o) 

HNR21 x ^ s -CONR31 / \cONR41- X ^COOP2 

(5£<?\ R n , Ra,, R^, R 31 , R J2J r ss> r 4i> r^ %xPR i3 \%, (1) 

^i^^K^^j^^TTR^^^ (4) 

Hal 



it. 



R22 R23 R32 R33 R42 R43 

^ n y y v 

Pi"NRn^ ^CONR21'^^CONR31«^\cONR41-^ S ^COOP2 

(4) 

(5£tf\ n, R n , R^, R 22) R 2J5 r 3u r 32j r s3j r 4ij R42j ^ ^_^ Hal {4 

) 

R43 

R32 

R23 (5) 

(5£<K n, R u , R,,, R^, R 23> r 31j r 32> Rss> r 4i> r 42) ^ 
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COOH 
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(5Sf\ R2P R22, R23, R 3 1. R 32 . R 3 3» K> &42> *W P, ftufBT^ Lfc 



HR11N ^ ^COOP2 

C^cfj, n, R u , P 2 , &0Hal « % S9IBT?^Slbfci:P«-Cfe5) 
^^^f F^»T«$t> -«5£ (8) 



(5£tfU n, R n , R 21 , R 22 , R^, R 31 , R,,, R», R«, R«, ?v P«. Hal « 

Rj&ts&Xs ±m-m& (5) t^^nsft^^t, jfcv>T?-jRa; (5) -c* 




Hal 



P1-NR21 




Hal 



COOP2 
(8) 



WO 03/070754 



PCT/JP03/01859 



-14- 



R43 




R23 



n, R u , 8,,, R 23 , R 31 , R 32> R 33 , R 41 , r 42j R 43 IuIBT'^L 

#, ik^x-^ (9) T^^s^^r^^TtfcttioT yixt; 

#!fi HDAC Pl#£lJ £ LT^T't S 0 

±IE:£ (1) * s R„, R^, Rjj, R 41 tt^^mi63i:LT^tfc(±^^/^^ 
i-Srt^Tt^o R 22 , R^, R 32 , R 33 , R^, R^ft, -ttu€«5iUT7Km 

#«r^LTV^rtJ:v\ r^r,,, r^r^, r 31 ^r 32) r^r^ R4iiR42 

m i~5 ©mta-*- i~6 (o^mmm-rmMmm. 1-5 © 
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bfiZ>ti&, £©**y^36fcLT#ttL#Sl&HTN ±SE#*lfe 1~6 ©ff 

£8\ K9 y ^y^y -WfAftJf©J: 5 fcjffS©«^*T?££fctti£L# 

£©££te&iS»3fc«>fc:. Xfft^fttftl^^ 4f*:|cft-C*V^iS 
*^5^fcdW*LV\ r©j;5ft11JMfii:U*rtt, 15$ X PI D 5 JiHK 

<U **Si ! S'*T?^e>d*©Sftl6**i-t>©-e*)ort>J:<, JftcffiffS* 

itm ^xiotfc^-rfliit^tii-ffifit^ «t»«^*^tfe«©*i 

LT^L#3T/i^l^&L< teTy-/l^ *fctttfnEB«, R^, R 32 , R33, 
R 43 ©^^^U^X©^l^gi-5^m^2:^rti?^/V7 

5HDACM^jSif!iH-s:ii:^j&5 e ^fc, «m^^w-rs^E©T/^/v 

SiL<li7H-;Hlt Sfcfc1*#y£fc£&€;tTVvrt>,fc<, hdac 
9 u^**s;v* i/^<DT ;v*>v* ns%?9 y&£W3ry ; ~ ;k 
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tz.T>\<*}v* ;v* yt. tcfeT V /M ;v% y°?y*> ss-/^ y° y y y<o x W, 

arcs *&mfci$^x*. ( i ) t» % m n « hdac mmm&zmi-z>ffcmxm$i 
vmtkT h mm^bmm^^ommmnt^mmmn, hdac 

<»W\ 2 - T ^ / - n -apT/V* ^SfcSrJKft* LT^TOii 53 §g3g-f § - a* 
"Ct5„ R n , R^, R^, R 23 , R S1> R 32 , R 33) r 4i> r 42j r 43s jsi^nfeifO^ 

S^Tifc*. JWfc&fctt, (2) 



Pi - NR11 




•C*3*l6<fb&4k (3) 
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R22 R23 R32 R33 R42 R43 

Y y V (3) 

HNR21 >X ^*C0NR31* X '^C0NR41* X ^C00P2 



Hal 



it. 



R22 R23 R32 R33 R42 R43 

. y (4>y y 

(4) 

•e^snsft^^ms. rtt^sw, Hai wmm*. zmm*. zvmm? 
^v^huib-^ (4) ~?mi$fiz>tt&®*, wmt&Mfa warns h\,< 

fcSJfcStt, -JR^ (5) 
R43 

R4: 



R33 



R 32 ^ 



o / R22 

R23 (5) 

&-£?>f*3IS (9) 
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R43 



°V N R4i R^vf^S- 

R33-X ^31 R^ Q 



(9) 



R32 

'R22 
R23 

(9) *\ P 3 !i^;V7^ K9/l*0fiUUEfc*H-. 

©^^^KfiattP^fifcKTo-ilH; (7) MttiL-ClGfr*- 
5^rifeT?«>S. AftftJiCi*, -flfcfc ( 6 ) 

R22 R23 R32 R33 R42 R43 

St y y (6) 

Pi-Nlfai'' ^CONRsi^^^CONR^-^^COOH 

-e7F&tl5ik&®&, -JKS; (7) 



■ft 



Hal 

n 



(7) 

HR11N ^^COOP2 



WO 03/070754 



PCT/JP03/01859 



-19- 



P1-NR21 




CONR11 



Hal 



COOP2 

(8) 



its m%m, yjviry F7=t« feL< f^P7K^5-J:«3 P, P 2 £ 
tf^t®S:$^ (9) 



hdac wm-rzit&mtK a*A/»> &ifiL^», &J;tWMJ&ft2?tf># 

r kft&S\frt>%AbflX\^Z> (Yoshida, M. , Nomura, S. , and Beppu, T. Effe 
cts of trichostatins on differentiation of murine erythroleukemia cells. 
Cancer Res. 47: 3688-3691, 1987; Hoshikawa, Y. , Kijima, M. , Yoshida, M 




S P3 



(9) 
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. , and Beppu, T. Expression of differentiation-related markers in terat 
ocarcinoma cells via histone hyperacetylation by trichostatin A. Agric. 
Biol. Chem. 55: 1491-1495, 1991; Minucci, S. , Horn, V., Bhattacharyya, 
N. , Russanova, V. , Ogryzko, V. V. , Gabriele, L. , Howard, B. H. , and Ozat 
o, K. A histone deacetylase inhibitor potentiates retinoid receptor act 
ion in embryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295- 
11300, 1997; Inokoshi, J., Katagiri, M. , Arima, S. , Tanaka, H., Hayashi, 
M., Kim, Y. B. , Furumai, R. , Yoshida, M. , Horinouchi, S. , and Omura, S. 
(1999). Neuronal differentiation of Neuro 2a cells by inhibitors of eel 
1 progression, trichostatin A and butyrolactone I. Biochem. Biophys. Re 
s. Commun. 256, 372-376; Wang, J., Saunthararajah, Y., Redner, R. L. , an 
d Liu, J. M. Inhibitors of histone deacetylase relieve ETO-mediated rep 
ression and induce differentiation of AML1-ET0 leukemia cells. Cancer R 
es. 59: 2766-2769, 1999; Munster, P. N. , Troso-Sandoval, T., Rosen, N. , 
Rifkind, R., Marks, P. A., and Richon, V. M. The histone deacetylase in 
hibitor suberoylanilide hydroxamic acid induces differentiation of human 
breast cancer cells. Cancer Res. 61: 8492-8497, 2001; Ferrara, F. F. , 
Fazi, F., Bianchini, A., Padula, F. , Gelmetti, V., Minucci, S. , Mancini, 
M., Pelicci, P. G., LoCoco, F. , and Nervi, C. Histone deacetylase-tar 
geted treatment restores retinoic acid signaling and differentiation in 
acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; Gottlicher, M., Minu 
cci, S., Zhu, P., Kramer, 0. H. , Schimpf, A., Giavara, S. , Sleeman, J. P 
., Lo Coco, F., Nervi, C, Pelicci, P. G. , and Heinzel, T. Valproic aci 
d defines a novel class of HDAC inhibitors inducing differentiation of t 
ransformed cells. EMB0 J. 20: 6969-6978, 2001) 0 iot, *ftW<Dfc&!fo 
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o 

sfc, hdac twLm'tztt&ton. mffi^im-tzb^nztix^z mm 

, M. S. , Kwon, H. J. , Lee, Y. M. , Baek, J. H. , Jang, J. E. , Lee, S. W. , 
Moon, E. J. , Kim, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. W. , and Kim, 
K. ff. (2001). Histone deacetylases induce angiogenesis by negative regul 
ation of tumor suppressor genes. Nature Med. 7, 437-443; Kwon, H. J., K 
im, M. S. , Kim, M. J. , Naka jima, H. , and Kim, K. W. (2002) . Histone deac 
etylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 
290-296) 0 iot, *%m<D4k&®\Z, Sk^mmMt LT k^Tt So 
*mW<Dfc&mt, n*<D1S)AC<D?h s HDAC 1 , 4^LT»$R^^ 

^mmm®i&^ir 0 z<Dtc#>. Jmwofc&mttis hdaci, 4\z.mmvtz.mm 
\z. % , hdac i , 4 bfc g &mm&, &tem, mmmft v 

#t&*Bfi&*fctt^RFB««!:ftCTaHl-e# % 8gr!U mh tiffi 
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fc^M lUtottflNMbffl, «*«T*=i*-/K AfrWKtta. 

tf-^ttJMliiSt*^ Mif^yy/^-f 80™ HCO-50 kffiftLX 

mtmm%, m^ftTy^M^mmtZo 

fflkLTJi, Stiffly 8«&4ttaL &2*&#Mfc£ 

#»60kg£LT) fcfc^Ttt, 1 0£5|&o.Ol*e,3Ow, #*L<tt» 

0.1 ^fe 20mg, £&#*L<W$|0.1 lOmg tglrWia 9 ft-*** 
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, ^ S#^iaotilft5«5, «*.«3MMU eokg 

m l I*, SttStfeSf t-;vS*t©^i»5 (D LDLD frfcSV^tt LDLL # 
© SCOP KSr^1-St?*>5o 

0 2 f* N fiH*St? $> 5 <?*~tV%kiZ "£<D&M&tik 4 ~ 7 <D SCOP (D^jg & 3*1" 

BTffcSo ft*5, Hl!:*5V^SCOP152 (C6)J±. HI 1 ^IlLT/Tto 

H3Ht^ *^>fv— Si©SC0P©#3ftSr^fB|-e*)5 8 &*5 % SCOP tf-^tt* 

HI 4 SCOP 15 2 ©ft^trjj^Stffc^ s> KM<£> SCOP 
0 5fi % 3^©Cyl-l, Cyl-2tti:fr=i^^^7i— ^ 3 ^tr^"t-HTf*>S. 

v>fc * y j: 9 sue Lfd&&&*H-^-cfc 5 0 

0 7f2 % SCOP 152, SCOP 304 &J;tf SCOP 402 ©iL?f ^©^t'l&^Mi&fT 
SCOP 152, SCOP 304 3o£.Tf SCOP 402 <DM1&\"<JH'X+<D ! £'feB.<DWffi 

*^WT^flS-8-*©^Xe©^fr©JttbSrBI 1, 2 ^ U H-L-Ab7-0H 
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2-amino-7-bromoh e ptanoic acid £ r A b7j ^ 2-amino-7-acetyltioheptanoic 
acid£ rAjn7(Ac)j £ % 2-amino-7-mercaptoheptanioc acid £ TAnrfj sul 
fide of 2-amino-7-mercaptoheptanioc acid & rAm7(-)j 2-amino-8. 9-dim 
ercapto(S 9 -2'-nitro-N,N' -dimethyl benzamide) £ rAm7(Ell)j fc, 2-amino-8, 
9-dimercapto-ll-hydroxyundecanoic acid £ rAm7(SMEt)j 2-amino-8. 9-di 
mercapto(S 9 -2'-pyridyl) nonanoic acid £ r Am7 (S2Py)j fc, 2-amino-8. 9-dim 
ercapto(S 9 -4'-pyridyl) nonanoic acid £ r AB 7(S4Py)j fc, 2-amino-8, 9-dime 
rcaptodecanoic acid £ rAm7(SMe)j 5 Sulfur- 

containing cyclic peptides £r TSCOPJ k%&LX7F~t 0 
MMW 1 . Boc-L-Ab7-0H 

H-L-Ab7-0H (7.3 g, 32.4 mmol) : = 1 : 1 « ( 30 ml, v 

A) fc»*U 7fC^T(Boc) 2 0 (7.68 g, 35.6 mmol) »tfMH W ^ ( 6 
• 72 ml, 48. 6 mmol) ^IIi5Wi#Lfc 0 ^-TVWTifc^ 

*^A*«*U MEET^lCttttomftM (10.4 g, 32.4 mmol, ft* 
100%) £#fc e 

MMW 2 . Boc-L-Ab7-NHMe ©-g*j$ 

Boc-L-Ab7-0H (326 mg, 1. 0 mmol), mm*S * r»T $ V(81 mg, 1. 2 mmol) 
, H0Bt-H 2 0 (184 mg, 1. 2 mmol) ©DMF (3 ml) »«R:*J&T*e h y a^/ur 
(0.17 ml, 1.2 mmol) 2*tfDCC (247 mg, 1. 2 mmol) fctofcfc. 15 RfflOg 

mifm*u i»x^ffl»u io% 4% **** 

^77r^>^^p^^7^- (3.6x15 cm, ^ B ^) 

(ino) fcAi^THftU a^B^OffC 
fc** (250 mg, 0. 74 mmol, W 74%) £#fc e TLC: Rf = 0. 58 (CHC1 3 / MeO 
H = 9 / 1) 
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Boc-L-Am7(Ac)-NHMe <D&$L 
Boc-Ab7-NHMe (125 mg, 0. 37 nmol) <D DMF (2 ml) 7*&Wt% V !7 

A (64 mg, 0.56mmol) *Mk.X 3 S$fflBLj&£lttc 0 DMF&W*U ft^^/V 

£*«?u io% ? ^>MfoMmRxtmuizMfrxmfr$G&i>tc^ Mgso 4 -e$#i 

> ftft 7VV / ^ftU^—TVl' (1:10) SrJp^tTlilflsU efe»*©*IBflS 
^4fe (120mg, 0.36 mmol, JR*S 97%) &#fc e TLC: Rf = 0.57 (CHC1 3 / MeOH = 
9 / 1) 

MMffl 4 . Boc-L-Am7 (-) -NHMe SS dimer <D^J& 

Boc-Am7(Ac)-NHMe (60 mg, 0. 18 mmol) <D DMF (0.5 ml) &ffic* 9 J 
TV*£=-T (20 eq.) SrJp^, 24 Hf Rgj£#Lfc 6 ^«^IIf, £j&LfcSS 
dimer^77 5'^i/iJ^Wn-7h^77^- (1.5X30 cm, 1% * / — 
;V I ?vuft;VA) tilL, 6&$&*<Z>4IlE'ffc-^ (43 mg, 0.11 mmol, Jfc 
* 61%) &#fc 0 HPLC^#B#|Kk 8.5 min, HRMS (FAB, dithiodiethanol) , 579 
.3293 [M+H], CJUW, (579.3250). 
g&M 5 . Boc-L-Am7 (S4Py) -NHMe <D&J$ 

Boc-Am7(Ac)-NHMe (60 mg, 0. 18 mmol) (O DMF (0.5 ml) W&fo -V*?* 
^tfU^y (79 mg. 0.36 mmol) RXf* ? J -/H^T^-T (20 eq. ) fobP*. 

77^- (1.5X30 cm, ^OtisM^) T*»MU V\ WEftS" 

4b (43 mg, 0.11 mmol, Jfc4* 61%) &#fc„ HPLC 4fcj$f$|15 N 5.6 min, HRMS (FA 
B, dithiodiethanol), 400.1766 [M+H], C^Q^A (400. 1729). 
Wm\ 6 . Boc-L-Ab7-0Bzl <D&& 

Boc-L-Ab7-0H (4.05 g, 12.5 mmol) 3r DCM (20 ml) fc?§#?U aW&T^fi* 
/KT/l^-ZV (1.55 ml, 15.0 mmol), 4-i^T* "FAST $y fJJ^y (153 mg, 1.2 
5 mmol) XtfDCC (3.09 g, 15.0 mmol) SrJPx. 8 l$|R!8#fcfTofc e SJ«£ 
g1^?vWC$#?U 10% ^acygbK^aWc. 4% K^TK^-t-hy !7^7K 
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®®RT*mmikm&T'm&.mftLft 0 M g so 4 x^M, mm, sistte77r> 

*-WjJ?)\<>7xi~? yifyyj- (5X20 cm, 20% fj^^vV / ^^-y) X » 
ft$gU ^^^fB-fb-a-t) (4.29 g, 10.4 mmol, Ifclfs 83%) £#f Co TLC: Rf = 

0.49 (Wm^J-/l> / = 1/4) 

H«J 7 . Boc-L-Ile- L-Pro-OBzl <D&& 
Boc-L-Pro-OH (1.08 g, 5.0 mmol) t^y^/Vfn % K (0.893 ml, 75 mmol) 

t & DMF (10 ml) * N ^TT'M^VT^ (10.5 ml, 75 mmol) 
T^^-frT, ^DfcBoc-L-Pro-0BzlSrW%i!L-C#7t o iMMT2N 
HC1 / i?**^y (5 eq.) T3«jS^tt s H-L-Pro-0Bzl • HC1 £#7t 0 

Boc-L-Ile-OH • 1/2 1^0 (1.39 g, 6.0 mmol), H-D-Pro-0Bzl • HC1 (956 mg, 4 
.0 mmol) &0HOBt -11,0 (613 mg, 4.0 mmol) ©DMF (10 ml) W^Kt^T^ 
DCC (1.24 g, 6.0 mmol) RUhV^/UT$> (0.70 ml, 4. 0 mmol) *Mx.tc 

o smmmn^ dmf£@£u mm^Mmmu m?^>m?mm, 
m&m^h»?A>7kmmAT$mn±m<x»mfrmv± 0 M g so 4 T«^ mm 

, ^fi»77y^^y*W^v^^7^ ( 4X30 Cfflj wtp/^fl, 

/ ^Pa*M) VmmU Mtk<Dmmft&%) (l. 63 g, 3.38 mmol, JR* 8554 
) £#fc 0 TLC: Rf = (CHClg / MeOH = 9/1) 
$&BM 8 . Boc-D-Tyx (Me) -L-Ile-L-Pro-0Bzl 

Boc-L-Ile-L-Pro-OBzl (1.63 g, 3.38 mmol) £ TFA (5 ml) KMMU tR^ 
T30^W^«LfCo S^TmTFA^W^L, ^j±T^#L, H-L-Ile-L-Pro-0 
Bzl • TFA mtc 0 Z.frlt: DMF (8 ml) fcfcAlS*, Boc-D-Tyr (Me) -OH (1.50 g, 

5. 07 mmol) i^T^THBTU (1.92 g, 5.07 mmol), HOBt • H 2 0 (51 

8 mg, 3. 38 mmol) RXfi h V ^/VT ^ Is (2. 37 ml, 16. 9 mmol) *Mx., 3 RftB) 

*^hv$A*mi&T$mmikm7kx*mfrmftLtc 0 Mgso^^ mm, 

7t--^»77y^V!J*^ P •7^^7^ (4X30 cm, $ J 
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/ T'JftML, 7*- &ft<D%®lik&m (1.44 g, 2.42 mmol 

, W 72%) &#fc 0 TLC: Rf = (CHC1 S / MeOH = 9/1) 
MMW 9 . Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0Bzl 

Boc-D-Tyr (Me) -L-Ile-L-Pro-OBzl (1.44 g, 2. 42 mmol) /V (12 ml 

) 5% Pd-C (150 mg) ^TM^TC^ffo^ 5 B$JB)fc % Pd-C« 

SrSBfiU Boc-D-Tyr (Me) -L-Ile-LHPro-OH • TFA &#fc 0 

Boc-L-Ab7-0Bzl (1.29 g, 3.12 mmol) & TFA (10 ml) .fclJSflFU Mfc T 30 
^IBSMILfc. £j&a*T«TFA&#3cU StJETfS&U H-L-Ab7-0H • TFA Sr# 
fc 0 rtb&DMF (16 ml) WStfStf, Boc-D-Tyr (Me) -L-Ile-L-Pro-0H (1.21 g, 
2.40 mmol) J»l>TafC?frTHBTU (1. 18 g, 3. 12 mmol), HOBt • HjO (368 
mg, 2. 40 mmol) RXf- h V ^^vVT 5 > (1. 34 ml, 9. 6 mmol) 3 

^brto £fttt&JMttL ^^n^iu, io%* vmm&m-rh 

V V&frMWRXtmaitMfr^MWc&htc* MgS0 4 itfflt 7*— A 

»7?yVa^!)*WP7 h^77^- (4X30 cm, 2%t?;—;V/? 
nn^VA) TJUMIU 7*-AJ(^©*l&fb^ (1.20 g, 1.47 mmol, W 61 
%) tr#fc e TLC: Rf = (CHClj / MeOH = 9. / 1) 
»j 1 O . H-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0H • TFA <D&f& 

Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0Bzl (1. 20 g, 1.47 mmol) ;V 
(7.5 ml) \mmU Pd-Ctt^ (130 mg) Ts g$fe3t7G&fTofc 0 5 B$fflft. Pd" 
CftaSE3r*aBU <RJfc#E$:«*fc. Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0H Sr#fc 

o zti% tfa (5 mi) \mmu Mfcr so ftm&thito Ejstt&«*t*, ^ 
-r/v / ism^-TAt (i : io) zMxxmfcu wmr^m^mmt^m (7 

70 mg, 1. 02 mmol, « 69%) &r#fc 0 

HJSfll 1 1 . Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-L-Pro-) <D&}& 

H-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0H- TFA (770 mg, 1.02 mmol), HATU (388 m 
g, 1.53 mmol) R& DIEA (0.71 ml) £r5#t'JLT 30 DMF (1000 ml) 
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% 10% fi*ym&m&* 4% mms&xfimn-km&xM&ft&u M g so 4 xmm 

7 -f- (4X30 cm, 2X^^y— /V/^cojJn/VA) "CjtSlU 7;*— Aft* 130 
mg (21%) &#fc 0 HPLC 8. 20 min., FAB-MS (dithiodiethanol), 593 

[M+H], (593.2). 
%MM 1 2 . Cyclo (-L-Am7 (Ac) -I>-Tyr (Me) -L-Ile-L-Pro-) 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pro-) (25 mg, 0. 042 mmol) <D DMF (0.5 m 
1) >7^ (9.59 mg, 0.084 mmol) SrJ&jfcT 3 ^MSJS$* 

fc e DMF &W£U iga%Sixf/H^f) 10% 4% NaHC0 s ^ 

mmMLX 19 mg (76%) ©»3tfc«Sr#fc 0 HPLC 8.20 min., FAB-MS 

(dithiodiethanol), 589 [M+H], (589.3). 

£}&W13. Cyclo (-L-Am7(-)-D-Tyr (Me) -L-Ile-L-Pro-) (SS-dimer : SCOP 2 

96) <D^m 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-L-Pro-) (19 mg, 0.0322 mmol) & fife 
fcDMF (2 ml) l&fc^U ^^;-;H47^7 (10 eq. ) bftftttX 

T±^m%m£:Ltc 0 mmmim. dmf (2 mi) \m&u 1 m i 2 (^/^ 

) 0.04 ml ^^.T^^frofco &&Li£ SS dimer Sr Sephadex LH-20 (DMF 
) *?iTf««lfc, Tk&^TS&ifcfct LT^fc 0 Ifc*7.4mg (42%) 0 HP 
lXJ4WWWk 14.1 min., HRMS (FAB, dithiodiethanol), 1091.5648 [M+H], C B 
aHoOjoNA (1091.5674). 
^jfe#| 1 4 . Boc-L-Ile-DL-Pip-OBzl 

Boc-DL-Pip-OH (2.29 g, 10 mmol) h^W*?** % K (1.79 ml, 15 mmol) 
£&DMF (20 ml) dpX h V ^/VT (2.1 ml, 15 mmol) ft&TXBiffcZlt 
Xs ££fcBoc-DL-Pip-0Bzl Zmik®t LXmtc 0 i*l£2 N HC1 / i?**? 
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y (5 eq. ) *X* 3 V$ffl%J&&1tX^ H- DL-Pip -OBzl • HC1 &#7t 0 

Boc-L-Ile-OH • 1/2 H 2 0 (2. 47 g, 10.7 mmol), H-D-Pro-OBzl • HC1 (2.28 g, 
8. 9 nunol) RXf HOBt • H 2 0 (1. 36 mg, 8. 9 nmol) <0 DMF (20 ml) *S?ftfc2fC?&T 
"CDCC (2.20g, 10. 7 nmol) RXfihV ^/KT^ (1.25 ml, 8. 9 mmol) SrJP 
fcfc. 8l$fM#^ DMF«r#*U fl*^7vl'fc*»U 10%^ac^BfciC»»> 

j|l»75s'Vai/!l*Wn'7f^7-f- (4X30 cm, 1%7<*/ 
-/V / ^ppyjvVJO -CfflfiRU tt#©«IB diastereomer jft^* (3.33 g, 7 
. 70 mmol, W 87%) £#fc 0 TLC: Rf = (CHC1 S / MeOH = 9/1) 
H«J 1 5 . Boc-D-Tyr (Me) -L-Ile-DL-Pip-OBzl <D&$, 

Boc-L-Ile-DL-Pip-OBzl (3.33 g, 7.70 mmol) & TFA (10 ml) fcS&fU * 
}^T30^TO*Ufc o SlS^T«TFA*«*U IttETfaMkU H-L-Ile-DL-Pi 
p-OBzl-TFA «r#fc 0 i^t^rDMF (16 ml) Boc-D-Tyr (Me) -OH (3.4 

1 g, 11.6 mmol) jRV^TflCifrTHBTU (4.38 g, 11.6 mmol), HOBt • H^O 

(1.18 g, 7.70 mmol) R& h V ^7* AT ^ ^(7. 01 ml, 50.1 mmol) SrJPx. % 3 B# 

N 7t-Aft»^75yVa^SI*WP^f^?7^- (4X30 cm, 1%7< * 
/—A- / fuuftA'J*) "eltMU 7* — A)fcfc<£>iCfB diastereomer iS^Nfe (3 
. 46 g, 5. 67 mmol, Jfc* 74%) «r#fc 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
MMM 1 6 . Boc-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0Bzl <D&& 

Boc-D-Tyr (Me) -L-Ile-DL-Pip-OBzl (3.46 g, 7.37 mmol) A- (30 m 

1) \mmu 5%Pd-C (230 mg) #&T8Htt»7c;MTofc 0 8I«#L Pd-C« 
&»ifiU Boc-D-Tyr (Me) -L-Ile-DL-Pip-OH *#fc 0 

Boc-L-Ab7-0Bzl (3.05 g, 3.12 mmol) £ TFA (5 ml) fc$£8?U 30 # 

IWSLfco a»T#TFA£^£U »£Tf££tU H-L-Ab7-0Bzl • TFA 
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fCo ZLtlft DMF (16 ml) \mMt$1t, Boc-D-Tyr(Me)-L-Ile-DL-Pip-OH (2.80 g 
, 5.39 mmol) ^T*&THBTU (2.66 g, 7.01mmol), HOBt • H 2 0 (82 

5 nig, 5. 39 mmol) RXfhV ^)VT % >(Z. 02 ml, 21. 6 mmol) 3 ti?m 

mwLtco fcj&m&mffi^ mm^Mmmu io%^>^$^ 4%« 

7t-^lr77r>a^^^P7^77^ (4X30 cm, 2%**/ 
~;V / ^P*M) vmmU A^«|B diastereomer (4.0 

7 g, 4.91 mmol, Jft* 91%) &#fc 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
1 7 . H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H • TFA (D-frffo 
Boc-D-Tyr(Me)-L-Ile-L-Pro-DL-Pip-OBzl (4. 07 g, 4. 91 mmol) 

do mi) \mmu Pd-c« (300 mg) #£t^*m^£*to fc e s mm®, P 

d-Cj&mZWmU KfoWi*^^ Boc-D-Tyr(Me)-L-Ile-DL-Pip-0H&#fc o 

TFA (10 mL) \mMU 30 Lfc 0 az- 

X^/»^^ 7 v (1:10) »x.T@^L, teTW^^iSdiastereom 
er m&m (2. 60 g, 3. 51 mmol, Ifc£#! 72%) £#fc c 

HJSfl!) 1 8 . Cyclo <-L-Ab7-D-Tyr (Me) -L-Ile-L-Pip-) & ± tf Cyclo (-L-Ab7- 
D- Tyr(Me)-L-Ile-D-Pip-)0!>^/& 

itf(>7^fK s H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H (1.28 g, 2. 0 mmo 
1), HATU (1.14 g, 3.0 mmol) Rtf DIEA (1.0 ml) £5#§!|LT 30 DM 
F (1000 ml) t^PxT, ^{b^^r^fofco 2I$« % KJ«£*M, 
^WC»*U 10%*^g&*^ «^*^hy!7A«»^fp^ 
*Tffi»^Uh 0 MgS0 4 T?^i^ 7*- AJRfc&^y^vy*^ 

;V?u^Ys?77j- (4X30 cm, 2%^/-/V / ^ D b^a) t'||L, C 
yclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) £ 372 mg (61%, HPLC 8.94 
min., FAB-MS (dithiodiethanol), 607 [M+H], (607.2)), Cyclo (-L-Am7(-)-D-T 
yr(Me)-L-Ile-D-Pip-)£238 mg (39%, HPLC %ft$f^ s 10.5 min., FAB-MS (di 
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thiodiethanol), 607 [M+H], (607.2)), Ztl^fl? *-&W;b LXWc 0 
mMmi9. Cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-L-Pip-) <D&& 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) (130 mg, 0.21 mmol) (D DMF (1 ml) 
mfcfcf-XBWLJJ ]) V A (69 mg, 0.315 mmol) %MtIX 3 Bfffi&j&^fco 

gbt 109 mg (86%) <DMWim%Wc.o HPLC $:#R#r^ 8.94 min., FAB-MS (di 
thiodiethanol), 603 [M+H], (603.3). 

Cyclo(-L-Am7(-)-D-Tyr(Me)-L-Ile-L-Pip-) (SS-dimer : SCOP 2 

98)tf>^/& 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-L-Pip-) (114 mg, 0. 198 mmol) (D * ? 
(0.5 ml) ^^^/-/MSiT^-T (10 eq. ) &im&TtXT±?- 
frm%m£Ltc 0 DMF (2 ml) Kl»#U 1 M I 2 0.25 

ml ^n^T^b^r^TofCo £j&Lfc SS dimer & Sephadex LH-20 (DMF) %7 
AT*ltMU7c 0 7k%M?LX&&njfckLXnfro US. 82 mg (78%) 0 HPLC 
f$W % 11.6 min., HRMS (FAB, dithiodiethanol) , 1063.5391 [M+H], C M H 79 0 10 N 8 
S 2 (1063.5361). 

mMM 2 l . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-D-Pip-) <D-&)$ 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pip-) (240 mg, 0.40 mmol) <D DMF (0.5 m 
1) femz.^*ffim*y VJ» (69 mg, 0.60mmol) Sr^T 3 ^WW$*fc 0 

gjm&wm&. mm^Mmmu mt^mikmrn. 4%^mykmi-hv 
v j±7kmfcRxfmm&M7kxMft.mfrLfr 0 M g so 4 T«^ mmu mtRifc 
&kmmK±f&^t^*^XTfr%immMi'Xuo mg (66%) <Dmw;m*mtc 

o HPLC 10. 5 min., FAB-MS (dithiodiethanol), 603 [M+H], (603.3) 

Wi2 2. Cyclo (-L-Am7(~) -D-Tyr (Me) -L-Ile-D-Pip-) (SS-dimer : SCOP 3 
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00) <D&f& 

cyclo(-L-Am7(Ac)-D-TyT(Me)-L-Ile-D-Pip-) (160 mg, 0.27 mmol) <D DMF (1 
0 ml) Ml^^/H47y*=7 (10 eq.) M^ttTt^S^ii 

istc, mmm^4k dmf (2 mi) \cm*u 1 m i 2 0.31 mi *m*. 

XM4t%fto1t 0 £j&Lit SS dimer£ Sephadex LH-20 (DMF) Xy&XffiML 

re *&tuz.x&&mmk LT#fc 0 &m. 54 mg (36%) 0 hplc im&m, 13.4 

min., HRMS (FAB, dithiodiethanol), 1119.5939 [M+H], C 68 H 87 0 10 N 8 S 2 (1119. 59 
86). 

MfaW 2 3 . Boc-L-Ile-D-Pro-OBzl <D&J$ 

Boc-D-Pro-OH (17.2 g, 80 mmol) i^y^p^K (14. 3 ml, 120 mmol) 
t £r DMF (160 ml) rt»*»Tt? h V ^VKT ^ y (16.8 ml, 120 mmol) #£T 

Boc-D-Pro-OBzl Srtt^«2: LT#ft 6 rtt&2 N HC1 / 
f (5 eq.) -e3^WS^$*T, H-D-Pro-OBzl • HC1 £r#fc 0 

Boc-L-Ile-OH • 1/2 H 2 0 (24.0 g, 100 mmol), H-D-Pro-0Bzl • HC1 (19.3 g, 8 
Ommol) &T>*H0Bt-H 2 0 (15.3 g, 100 mmol) <D DMF (200 ml) mfcfcykfitTX 
DCC (8.3 g, 30 mmol) XtfMlx^7$j/ (3.5 m i, 2 5 mmol) »^fc 0 8 

m.mi-hv*j*7kmmTfi®ftimfcxMifcmv± 0 ugso.xnm, mm 

, MM77S/^i/iJ*^nvh^77^ (4X30 cm, 
/ ^PP*M) -e«RHU ttftOfflBft-frtt (21.5 g, 51 mmol, Ifc* 72%) 
*#fco TLC: Rf = (CHCI3 / MeOH = 9/1) 
MMM 2 4 . Boc-D-Tyr (Me) -L-Ile-D-Pro-OBzl <0&f$ 

Boc-L-Ile-D-Pro-OBzl (21.5 g, 51. 4 mmol) & TFA (50 ml) fcJ8#U 
Tl^TOStfc. Eri3*7lfeTFA«rS*U WiJ£TftmU H-L-Ile-D-Pro-0B 
zl-TFA &mc 0 itl^DMF (100 ml) Boc-D-Tyr (Me) -OH (16.7 g 

, 56. 5 mmol) £i^T*J&T HBTU (29.4 g, 77 mmol), HOBt • ^0 (7.8 
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7 g, 51 mmol) RT$ h V ^frT % 1/ (25.2 ml, 180 mmol) &Mz.. 3 WfflW. 
Hr—^m^y^V^^y^fi^)^^^ YfyVJ— (4X30 cm, 1%*?/ — 

,v / ^dpw xwuu ^(omm^m (22.0 g , 37 mmol, & 

m 72%) £#7c 0 TLC: Rf = (CHC1 3 / MeOH = 9/1) 
MM$i 2 5 . Boc-L-Ab6-0Tmse (Dit& 
Boc-L-Ab6-0H (620 mg, 2. 0 mmol) h h V * f^V V ^ 9 J ~/W0. 572 ml, 
4.0 mmol) k DCM (6 ml) 4~vM f-fV7 5 J t° V *?> (24.4 mg, 0.2 mm 

oi) #^T6^^#L7t 0 mM^mm^ mm^Mmmu m?^y 
m^m. 4%«7kif?- h v v&7mmRxf^&Mfrx*Mfc$c>&vtc 0 M g so 4 
x*m$m.. mm. »»79s/^^!/*wp^i>^7^ (4x30 cm 
, 10% %m^A, i ^*y-y) xmmv. m^omm^m (820 mg , 1.62 m 

mol, JRsp 81%) £#fc 0 TLC: Rf = 0. 97 (CHC1 3 / MeOH = 9/1) 
H»J 2 6 . Boc-D-Tyr (Me) -L-Ile-D-Pro-L-Ab6-0Tmse <D&& 
Boc-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1. 01 g, 1. 70 mmol) ? J — /V (20 ml 

) immu 5% Pd-c d5o mg) ^rmmmTc^if^tc. smrms va-cmm 

SrSKfiU fcJ&Wi&gi-'&s Boc-D-Tyr (Me) -L-Ile-D-Pro-OH&#fc 0 
Boc-L-Ab6-0Tmse (1. 51 g, 3. 0 mmol) £ TFA (5 ml) U TfC^T 30 # 

mtkm^tc 0 Rmmr^iK^m^^u m)±rm.mu H-L-Am6-oTm Se • tfa 

£*1&DMF (3.5 ml) it:, KtiiTX 4 #§<J Vtc Boc-D-Tyr (Me) - 

L-Ile-D-Pro-OH (819 mg, 1.62 mmol), HATU (776 mg, 2.0 mmol) RXf h ]) 
(0.24 ml, 1.7 mmol) *Mk., 3^m#bfc 0 £tjS»2tiS§$L 

zt-^DjJtffrfw? Y^yy>(— (4X30 cm, IH^/^/^pW 
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mWt&m (888 mg, 1.09 mmol, ft* 64%) ft#f Co TLC: Rf = (CH 
Cl 3 / MeOH =9/1) 

$mm 2 7 . Boc-L-Ab7-D-Tyr (Me) -L-Il e-D-Pro-OBzl <D&f$ 
Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1.19 g, 2.0 mmol) ft TFA (5 ml) 

U *»T30 5Hm*«Lfc o aS3»THTFA«*U iffTI»U H-D-Tyr 
(Me)-L-Ile-D-Pro-OBzl.TFA ft#fc 0 -ftft DMF (4.0 m l) (Oft***, Boc- 
L-Ab7-0H (652 mg, 2.0 mmol) fe&D*., HV^fTfC^nT HBTU (1.14 g, 3.0 mmol) 
, HOBt • H 2 0 (306 mg, 2. 0 mmol) WMIx^r^ (1.4 ml, 10 mmol) ft 

*«N 7t-A»77r>a^^^pvF^ 7 ^ (4X30 
cm, »^;^/^nm) T?»*U (1.51 
g, 1.89 mmol, ft* 94%) ft#fc 0 HPLC ffc#B#W, 9.15 min. 
mm®] 2 8 . Boc-L-Ab8-D-Tyr (Me)-L-Ile-D-Pro-OBzl <D&f& 

Boc-D-Tyr(Me)-L-Ile-D-Pro-0B Z l (1.19 g, 2.0 mmol) ft TFA (5 ml) ftftft 
U *»T80^HttWILfc. ®»T*IFAM*U tteTttHU H-D-Tyr 
(Me)-L-Ile-D-Pro-OBzl • TFA ft#fc 0 ^tift DMF (4.0 ml) Boc-L- 
Ab8-0H (676 mg, 2. 0 mmol) fcflut, *V%T*»THBTU (1.14 g, 3.0 mmol), 
HOBt^O (306 mg, 2.0 mmol) &VhV^SUT*y (1 . 4 mlj 10 mol) m 

&s 7^ttt77r^!J^a7f^77^ ( 4X30 cm 

, aW^/^s^A) TSIMIU 7*-A«flWWBft^» (1.44 g, 

1.76 mmol, ft* 88%) ft#fc Q HPLC «J#I$IW, 10.9 min. 
MMfrl 2 9 . Boc-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-0Bzl <D&f& 

Boc-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.19 g, 2.0 mmol) ft TFA (5 ml) mM 
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U 7fC^T30^TOgUfc o EJ&J&T*TFA&«*U J*JBETf£*U H-D-Tyr 
(Me)-L-Ile-D-Pro-OBzl -TFA £#fc 0 ^tl£DMF (4.0 ml) ldg#3it\ Boc- 
L-Ab9-0H (775 mg, 2.2 mmol) fcDHits iRV^TfcJfrT HBTO (1.14 g, 3.0 mmol) 
, HOBt • H 2 0 (306 mg, 2. 0 mmol) RTF V V ^/VT 5 ^(1.4 ml, 10 mmol) £ 

mm, ngmfcmi- h v $&&tm&v&ft£ttT*mti^Lit 0 M g so 4 T^ 

Mk, Wife, 7^-- A»^7 7 7 v'i V' !) * P v b ^7 7 ^ - (4X30 

cm, 2%*?;-/v / ^pp$m) x*mmu y*- j^<owm&*to a. 31 

g, 1.58 mmol, « 79%) £#7t 0 HPLC fiy$l#NK 11. 7min. 

MMM 3 0 . H-D-Tyr (Me) -L-Ile-D-Pro-L-Ab6-0H • TFA <D&& 
Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0Tmse (888 mg, 1. 11 mmol) &^#/~- ;V 
(10 ml) tSMfU ^Tt?3^-fllLfc 1 N NaOHTK^ (1.32 ml, 1.33 mmol 

mm$ma&m^Xmmtifc^tc 0 MgS0 4 -e^M N 3ft$iU Boc-D-Tyr(Me)-L-I 
le-D-Pro-L-Ab6-0H ^tc 0 TFA (5 ml) fc|g#U 7k^T30^«* 

L7to KJ&tt*e*gU fcfcJBETftiiU Jfcitfc©«IBfl5'&4fc (778 mg, 1. 07 mmol, 

JR* 96%) &mtc 0 

3 l . H-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0H • TFA 
Boc- L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1.51 g, 1. 89 mmol) %*$J*~ )V 
(5 ml) fc*#U 5% Pd-C (150 mg) #^ETStt315c«rfTofe 0 5 $ffl4K Pd- 
CftfcKSrjljaU RJE&tt&S*^ Boc-L-Ab7-B-Tyr(Me)-L-Ile-D-Pro-0H 
o rtbSr TFA (5 ml) fcljMKU SKftT 30 ^TO® Lfc. » 
JETfcfcU mftvmfcfc&to (1.15mg, 1.84 mmol, W 97%) &#fc 0 
H»J 3 2 . H-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-0H • TFA (D&f& 

Boc-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1. 44 g, 1. 76 mmol) Sr;*^/— /V 
(5 ml) fc}$#U 5% Pd-C (150 mg) #£Tg$i3t7c£*Tofc 0 5 Pd-C 



WO 03/070754 



PCT/JP03/01859 



-36- 

ftKtttilU Boc-L-AbS-D-Tyr^-L-Ile-D-Pro-OH^TV 

o -tiz tfa (5 mi) \mmu mTtofrmmthit. m 
frT^mu my&nmit&to a.i5m g , i.84mmoi, ^97%) %m Co 

3 3 . H-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-OH • TFA <D&J$ 
Boc-L-Ab9-D- Ty r(Me)-L-Ile-D-Pro-0Bzl (1.31 g, 1. 58 mmol) ***S->V 
(2 ml) izmmU 5% Pd-C (150 mg) «T*tt*5E*fjofc. 12 Rfflltt. Pd- 
Cftft**»U Eft*****, Boc-L-Ab9-D-ryr(Me)-L-He-D-Pro-0H^#fc 

o zti* tfa (5 mi) mrzommhfto Bu&mt®^ * 

-<r;u / ( 1:10 ) fe&,;t THftu MJ±T^M«|B^^ (9 

05 mg, 1. 42 mmol, W 90%) £#fc 0 

3 4 . Cyclo (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) 
H-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0H.TFA (778 mg, 1.07 mmol), HATU (616 m 
g, 1.62 mmol) RXfi DIEA (0.75 ml) *5^«LT 30 DMF (110 ml) fc 

10% 4% NaHC0 3 , fc£tf£&*TifeV\ MgS0 4 T*mVtc 0 Rfo®* 

ft*** u 10%^vgb!km 4^***?- h 

r^Vy W avh^7^ (4X30 cm, l»^;^/^p^ 

a) vmmu mmm m mg ( 23 %) hplc fta*m, 9 .o 6 min., 

HRMS (FAB, dithiodiethanol), 579.2197 [M+H], C^O^r (579.2182). 

Ab6 OffltidR Br i^iLT^Uc HOAt adduct **trft 
cyclo (-L-A(0At)6-D-Tyr (Me) -L-Ile-B-Pro-) 167 mg (27%) 
*7*-A±L T #fc. HFLcmiM, 8. 16 min., HRMS (FAB, dithiodiethan 
ol), 635.3312 [M+H], 0^0^,(635.3306). 

3 5 . Cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-) ^ 
H-L-Ab7-D-T y r(Me)-L-Ile-D-Pro-0H.TFA (1.15 g, 1.84 mmol), HATU (1.05 
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g, 2. 76 mmol) RXfi DIEA (1. 28 ml) & 5 ft% LT 30 DMF (180 ml) \Z 

Jn*.*C, aiftSJtSSrfrofco ±fcR*K«ffllbT 700 mg (64%) ©7*— A«r# 
fc„ HPLC fiy#l$|Rk 9. 90 min., HRMS (FAB, dithiodiethanol) , 593.2300 [M+H 
], C 28 H 42 0 6 N 4 79 Br (593.2339). 

MMM 3 6 . Cyclo (-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-) ©-£-/& 

H-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0H • TFA (512 mg, 0.80 mmol), HATU (455 m 
g, 1. 20 mmol) %.Xf DIEA (0. 56 ml) &r 5 #§!) LT 3 0 DMF (80 ml) K 

fc 0 MgS0 4 T'ftJI^ m$, 7 -Mfcfcfc 7 7r>^>!)* ^/v* n -=? h ^9 

(4X30 cm, l%* # / — )V / t?Jf»Rb v 267 mg (55%) © 

7#— A£#fc 0 HPLC fitftftRk 9.95 min., HRMS (FAB, dithiodiethanol), 6 
07.2501 [M+H], C^O^Br (607.2495). 

HSi^J 3 7 . Cyclo (-L-Ab9-D-Tyr (Me) -L-I le-D-Pro-) <D&& 

H-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0H • TFA (905 mg, 1.41 mmol), HATU (833 m 
g, 2.12 mmol) Rtf DIEA (0.64 ml) £5##JLT 30 DMF (150 ml) \Z 

o Mgso 4 -e^#^ mm. 7*~j*m&*77yv^i/y%>?>\'>7xi^\>r77 

4— (4X30 cm, / ^nn^iv) T?»*IU 533 mg (61%) © 

7*-J*%mc 0 HPLC fMfttlHk 10. 9 min. , HRMS (FAB, dithiodiethanol), 6 
21.2625 [M+H], C 30 H 46 0 6 N 4 79 Br (621.2652). 

MMM 3 8. Cyclo (-L-Am6 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) (D&]$ 

cyclo (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) (146 mg, 0. 252 mmol) ©DMF (0.5 
ml) JWfcfc^tf-lfflfcfr U $ J* (57.6mg, 0.504 mmol) &>&II*.T 3 ftfflRffc&lt 

ft 0 R&m&9m&, mm^Mmmu ^>mwmRvmtGM& 
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XTAs&Wmm^X 114 mg (79%) <&$5R%£#fc 0 HPLC ftftlftflU 9. 06 mi 
n., HRMS (FAB, dithiodiethanol), 575.2879 [M+H], C^O^S (575.2903). 
MMM 3 9 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-) (133 mg, 0. 226 mmol) <D DMF (0.5 
ml) ^BW&VVJ* (52 mg, 0.452 mmol) SrJp&T 3 B#raKJS£itT 

T118 mg (89%) (DWWimZmCo HPLC ##f$ffi % 9.90 min., HRMS (FAB, dit 

hiodiethanol), 589.3605 [M+H], C^O^S (589.3060). 

MMM 4 0 . Cyclo (-L-Am8 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <D&& 

cyclo (-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-) (267 mg, 0.439 mmol) <D DMF (1 ml 
) f-^tmm^V VJ* (100 mg, 0.878 mmol) *Mx.X 3 ^WSJS$^c 

mwi&Lft. ugso 4 xm)m, mmu ±m^t^^^;^wmmm\^x 

222 mg (84%) HPLC m^m, 9.95 min., HRMS (FAB, dithio 

diethanol), 603.3244 [M+H], Cj.H^S (603.3216). 

MMM 4 1 . Cyclo (-L-Am9 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <D&f& 

cyclo (-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-) (250 mg, 0. 402 mmol) (O DMF (0.5 
ml) mm^XmmZVVJ* 01.4 mg, 0. 804 mmol) &Mz.X 3 «Jf 

xm^m^vtc 0 Mgso 4 T^«, mu ^mLtcT^^^mmnmL 

X190 mg (77%) <DmWV0*mc o HPLC ft&ftIRK 10.9 min., HRMS (FAB, dit 
hiodiethanol), 617.3364 [M+H], C 32 H 49 0 6 N 4 S (617.3373). 

4 2 . Cyclo (-L-Am6 (-) -D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 
2) <D&& 
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cyclo(-L-Am6(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (114 mg, 0. 198 mmol) <D*&J 
—?V (0.5 ml) M^*y-/M4Ty^~T (10 eq.) *Ytm&*£XT^;V 
g»*Lfc 0 ffltLfHsfc DMF (2 ml) U 1 M I 2 S—M 0.2 ml 

SrJP*.TBMb*ffofc. £6fcLfc SS dimer £ Sephadex LH-20 (DMF) A 
"CffifSSLfc. 7K«rJH*.TS6»5(tfcUT4lfc. M 82 mg (78%) c HPLC ft&H$ 
Rk 11.6 min., HRMS (FAB, dithiodiethanol), 1063.5391 [M+H], C M H 79 0i 0 N 8 S 2 
(1063. 5361) . 

3. Cyclo(-L-Am7(-)-D-Tyr(Me)-L-Ile-D-Pro-) SS dimer (SCOP 304 

) <D<frf& 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (118 mg, 0. 201 mmol) <D*9J 
(0.5 ml) ^i^^/^ttT^^TM^tTTtf^iSL 
> 1 M I 2 &*/~A>) *M%X3mW74 KIJA'S&IMtSU *»MLT SS 
dimmer %&&1fo3ikLX%tc 0 UK* 98 mg (89%) „ HPLC fiWfclBK 12.3 min., 
HRMS (FAB, dithiodiethanol), 1091.5684 [M+H], C^O^S., (1091.5674). 
MMM4 4. Cyclo (-L-Am8(-)-D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 
6) <D&f$ 

cyclo(-L-Am8(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (222 mg, 0. 368 mmol) <D*$J 
(0.5 ml) m&K**/~*&Ty*~T*fcmiS&XT±^;l'MZfe : £l, 
„ l M I 2 (^/-/v) ^Mx.X^.^;vy ^ KJJAifciMtU UMLTSS 
dimer Sr6ft»*i: LT#fc 0 Jfc4 167 mg (81%) 0 HPLC 13.0 min., 

HRMS (FAB, dithiodiethanol), 1119.5961 [M+H], (^fij^ GH9- 5987) . 
^Ji#|4 5. Cyclo (-L-Am9(-)-D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 
8) 

cyclo(-L-Am9(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (95 mg, 0. 154 mmol) <D^$S 
*-A> (0.5 ml) ^11^ ^ / -/VftT^-TM §*T7tf /H^iS I 
, 1 M I 2 (cc^ /-/V) fcbH*.*C*S*A':7-f FUA«*»fcU ffMLTSS 
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dimer LTftft. UK* 84 mg (98%). HPLC ftttnfflU 14.2 min., 

HRMS (FAB, dithiodiethanol), 1147.6307 [M+H], WmHA (1147. 6300). 

mmVUe. Cyclo(-L-Am7(SMEt)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 404) <D&J$ 

cyclo(-L-A J n7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (270 mg, 0. 45 mmol) <D DMF (0 
• 5 ml) m*K**;-/i4a i T**^T (10 eq.) *fBSa*TT****** 
*U T^*=TM*«, ( 10 eq .) 1 M I 2 

(a^ry^) 0.2 ml fttofcTfcfcfcffofc. £/&Lfc SS hybrid £ Sephade 
x LH-20 (DMF) #?AT»»U ltt£ttft*?TV\ *!Hb^*frfe»5|c* L T 
ft* 30 mg (11 %) 0 HPLC «#l*IRk 8.9 min., HRMS (FAB, dithiodieth 
anol), 622.2877 [M], C^O^ (622. 2859) . 

H»J4 7. Cyclo(-L-Am7(S2Py)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 401) ©-8^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (40 mg, 0. 07 mmol) (O DMF (1 

ml) m\C 2, 2' (31 ^ 0. 14 mmol) W^;-^7^ 

=T (10 eq.) feflO*. % 8#Wat#Lfc. &jfflft*«|fft % ^m>*7j?V^ 

J/y*^nvh^7^ (4X30 cm, 1*^/-^/ ^nn**A) T 

**U «Bfc*tt*ftfc. HX* 15 mg (38%) „ HPLC tttt&RK 9.6 min., HR 

MS (FAB, dithiodiethanol), 656.2952 [M+H], CyWW, (656.2940). 

mmm4 8. Cyclo(-L-Am7(S4Py)-D-Tyr(Me)-L-He-D-Pro-) (SS hybrid : SC 
0P 402)©^/& 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (100 mg, 0. 17 mmol) <D DMF (1 
ml) *»tC4,4*-i?^try^ (75 mg, 0. 34 mmol) 9 S *-A&T> 

(20 eq.) MB*, SftffiHUtLfc. &HK*WMk W»^7r> 
^y^/W^h^;^- (4X30 cm, 1<M*/-/V/ ^ p ^) 
■WPMIU *Bfc***#fc. UK* 13 mg (13%) „ HPLC fitJtttn, 6.5 min., H 
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RMS (FAB, dithiodiethanol), 656.2934 [M+H], C 33 H 4B 0 5 N 5 S 2 (656.2940). 

Cyclo(-L-Am7(SEll)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 

OP 403)©<&5£ 

5, 5' - V^^t tf * ( 2 -~ 1> P ^<if >W) (515 mg, 1.4 nmol) CO DMF (2.8 mL) 
^T^^/VT^y (343 mg, 3.0 mmol), DCC (867 mg, 3.0 mmol) 
&t£H0Bt -H 2 0 (214 mg, 1. 4 mmol) 8mmmWVtc 0 EfomT&fcJ&m 

&»bu mwt^f-Mmmu mfi^mtfrn. n^m^mi-vv^^k 
m$Rx$mQ'km.fcx*mfcVoft vtt 0 M g so 4 xnm l mm^/^m 

*bfc 0 *£f£4i^> ^yyiXav'y^yV^P-? b^77^f- (4X30 cm, 1% 
;*^/-/W ^np^/Ui.) TitMU 5,5'-^^-t'^(2-= fP^yiv? 
F) £#fc D 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (130 mg, 0. 22 mmol) CO DMF (2 
ml) «^ 5, 5' -S^*- bf * ( 2 h Pt >mi?t 7A>T S K) (198 mg, 0. 
44 mmol) ^^/-/HtT^^T (10 eq.) fcJn*., 6 B£fg3f#Lfc 0 R 
J&8£S:*ftflL 4>iicODMF Kl^j^U HPLC (column : YMC-Pack 0DS-A 10X250 
mm) TSflMRU IRfBflS'£*>&fcfco 13 mg (9.3%) 0 HPLC 9.5 mi 

n., HRMS (FAB, dithiodiethanol), 771.3201 [M+H], Cj^^S, (771.3210). 
MMM 5 O . Cyclo (-L-Am7 (SMe) -D-Tyr (Me) -L-Ile-D-Pro-) (SC0P405) <D&& 

cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-) (118 mg, 0.2 mmol) CO DMF (1 ml) 
4-methoxybenzylmercaptan (0.056 ml, 0.4 mmol) ifccfc'U* h ]) ^f-J^T 
5 y (0.07 ml, 0.5 mmol) SriUfcT, m&X 2 «j*/&£i$:fc 0 £/&Lfccyc 
lo(-L-Am7(Mb)-D-Tyr(Me)-L-Ile-D-Pro-) ^StxfyVtiWL, J»$4Lfc3M 
9 J^-fls (18 ml) <%X Dimethyl (methyl thio) sulfonium tetrafluoroborate \0. 
.9 mmol, 176 mg) ts ^M.X 2 R3TO;£$itfc 0 M^Sil, ?uxi*;V 
M^MV S isV%<?JU?V9>hJ?77j— (2X25 cm, 2% *#/~-/W?* 
P/ft/KA) Xm^U B&^£#fc e 69 mg (65%) e TLC Rf: 0.90 (CHC1 S 
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/ MeOH =19/1). HPLC mm. 12.28 min. HR-FAB+ MS: 593.2777 (calcd. 
: 592.2753, composition: CJ^S* matrix: 2, 2' -ditihidiethanol) 0 

mmm 51. hdac mm®mm&<Dm% 

Sulfur-containing cyclic peptides (SCOP) ©*jf j££>-K£HI 1 ~ 4 tC^1% ^ 
«® HDAC ia«|-C*,5 851^-^5*071-1, Cyl-2 (Furumai et al. (2001 
) Proc. Natl. Acad. Sci. USA, 98, 87-92.) SrxfcSH^ H 9**^ Mffit© 

35fc©Cyl-l, Cjrl-2ttS:fta^*^-^8^IJ)LLfr'T?fc53jJ % LDLD © 

HDAC Migteffl^jHr 5 i-fcfc 9 % &©il 9 HD AC^^if Ltc 0 1 0 
0mm ^ ffafc 1 X 10 7 fi©29 3 T«££ft N 2 4«tt h HDAC 
U 4*fctt^^HMC8«r*«+*^^- (l,g) £ Lipof ectAmine 2000 
reagent (Life Technologies, Inc. Gaithersburg, MD) ^l>th7^7x 
^fa^Lfc. fcfc, ±Et hHDACl$&3^*-ftp cDNA3-HDl (Ya 
ng, W. M. , Yao, Y. L. , Sun, J. M. , Davie, J. R. & Seto, E. (1997) J. Bio 
1. Chem. 272, 28001-28007.) , t MID AC *-J*p c DNA 3 . 

1 (+) -HD4 (Fischle, f. , Emiliani, S. , Hendzel, M. J., Nagase, T. , 
Nomura, N. , Voelter, f. & Verdin, E. (1999) J. Biol. Chem. 274, 11713-1 
1720.) , v^HDAC6^^-|ipcDNA-mHDA2/HDAC 
6 (Verdel, A. & Khochbin, S. (1999) J. Biol. Chem. 274, 2440-2445. ) £ 
Jfl^fc. OPTI-MEMt-C5B>HJ^^-«e>a**fc«, Dulbecco'sm 
odified Eagle 5 s medium (DMEM) fci£fl&&£&LT 19 BfH^ >**.s<~~ h 
Lfc„ *M&&PBS*e«3ofc& % lysis buffer ( 5 0 mM Tr i s-HC 1 (p 
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H7. 5), 120mMNaCl, 5mM EDTA, 0. 5%Nonide 
t P-4 0) y=^-^3^L7t 0 ±m%M>bftMfc£\)Mtbs Pro 

teinA/G plus agarose beads (Santa Cruz Biotechnologies, Inc. ) ^rfflV^T N 

%m^tc 0 *<D&, HD AC 1 „ HDAC4£3Sm£itfc» 
-htffcte, ant i-FLAG M2^f (Sigma-Aldrfdh Inc.) &M$L X HD 
AC6%m^£-&1tMfa±WKfta n t i -HAgtfr (clone 3F10, Roche Mole 
cular Biochemicals) Sr^PxiT 4°CT? 1 9$fflRJ&£l£tCo Z.fh\Z.TfJ P— * If— 
X^7jp^T4°Ct?l^HiS$i±7cms lysis buffer -T?T#P -XfcT-X&r 3 
IU?5fcV\ HD buffer (2 OmM Tr i s— HC1 (pH8. 0), 15 0mM 
NaC 1, 1 0%^y*fen— ;V, a complete protease inhibitor cocktail (B 
oehringer Mannheim, Germany) ) X* — Hl^cofc HD buffer (20 0^1) 
FLAG^/f F (4 0 jug) (Sigma-Aldrich Inc. ) ^fc^HA^^K (1 
00 fig) X4°C, 1 ^m^^^—hhXT^ti-^^X^h^Vtc^ 
y^^mUU HDACSMiU ^T©mCPl^?SM£K^fc 0 

-O'bT h d©HDAC &a^<t£&&T<Z> J: 5 fcflMffi Lfc 0 «^^DM S 
Ol«Ltggl0mMaT, r^Pl^JOJI^i b/co ^yfn 
~frkLXH-DACBm$mMbLX%at>tlX^Z> MJnx^f^A (TSA) 
WSO Its 1 0 mM^m^SrP^ LfCo $iJ£«l&^# £ 
fc«=^hP-/KDTSA#^T^ -LlBHDAC^?j££ [ 3 H] T^IfsLfcTi?^ 

Mk\ixh>mKmm%3 7T1X1 5&m4 y*^~ b-fz z txnotc (£ 

iS^fl 0 0 ti 1 ) o 10M ©HC 1 £ML-CJk#, SggfH/STHjU 9 

[ 3 H] ^Mif/VT'ittlLtWStt^il^Lfc 0 ftfe, l^tt 

ltttn^ha-;HCfetj-5HDAC?S'l40 5 0%P1§^( TIC50 (nM) J ) 

xmvtc mi~ 4) 0 

i/7 rc> 0 ^HDAC|$l*?£'|£tep21 yP^-^-^^^fg^i-^OM 
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V<Dm&&&* (Dr. B. Vogelstaein) ^^«^Lfc«^fc^, 10 
%FBS Ltc -7 * J ~;VV y DMEM ig^ffi V \ 37°C, 5fcI&ffc$8S# 

^^85000i@/well©KeW^T'9 6^^^^^^^ £ well ^ 
fc 5 -h|B*>«! 99 n 1 ^ 6 S§TOH Lfcm, 1 n 1 *«3n L 

> 51 18^^H Lfco i^-CbTSASrHDAClffl^gttlCjeH-t- 

Luc Lite (Packard BioScsience Company) &JBv\ m&ftlZ&$L\sX^Z/l> 

zmm-vm ltc 0 WM&mammm tsa k <t s jfcMsttito 50*0** 

TEC50 (nM) j )«rJ|VvCJfctfcLfc (*l-4) 0 
X = H*C*)5 0 (DTT##) 



WO 03/070754 



PCT/JP03/01859 



-45- 







IC50 (nM) 




P21 7"p^e— 






SCOP No. 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


mm *j 


mm 


148 


81.4 


17.0 


> 500000 


6720 


Cyll(LDLL) 


C5 


149 


2.37 


5.22 


44300 


596 


Cyl2(LDLL) 


C5 


150 


2.10 


4.26 


5560 


504 


Cyl2(LDLD) 


C5 


151 


932 


7340 


28500 


> 100000 


Cyll(LDLD) 


C4 


152 


4.60 


2.06 


1400 


309 


Cyll(LDLD) 


C5 


153 


9.13 


91.0 


8050 


9850 


Cyll(LDLD) 


C6 


154 


38.1 


99.2 


2470 


31400 


Cyll(LDLD) 


C7 



^2 
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IC50 (nM) 




P21 -/n^E— 


9— 




SCOP No. 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


mm ®i m 


296 


763 


222 


> 500000 


7730 


Cyll(LDLL) 


C5 


298 


114 


33.7 


418000 


5800 


Cyl2(LDLL) 


C5 


300 


61.1 


36.2 


255000 


7370 


Cyl2(LDLD) 


C5 


302 


7200 


> 500000 


> 500000 


> 100000 


Cyll(LDLD) 


C4 


304 


142 


145 


> 500000 


341 


Cyll(LDLD) 


C5 


306 


153 


319 


1320000 


847100000 


Cyll(LDLD) 


C6 


308 


983 


505 


745000 


235000 


Cyll(LDLD) 


C7 



X = KOmkmm, *^ ^ i« n y 7 1 ^ - e/ 3 >T*hZ> 

ldll v) h ldld ft<Dir&mm®ix\ ^mxh^^-^mtxommm. 

it C5 (d h <d &McMxhZ> r: t am £*ifc 0 

§c3 
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P21 






IC50 (nM) 






SCOP No. 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) $g 


401 


NT 


NT 


NT 


1360 152 + 2-Pyridine 


402 


6.76 


68.3 


1610 


1310 152 + 4-Pyridine 


403 


21.5 


18.9 


6080 


1 800 1 52 + Blman's reajent 


404 


217 


355 


201000 


1 360 1 52 + mercaptoethanol 


405 


119 


405 


191 


3260 1 52 + methylmercaptane 


401 /DTT 


NT 


NT 


NT 


815 


402/ DTT 


0.553 


1.12 


2010 


470 


403/DTT 


1.15 


1.53 


4730 


748 


404/ DTT 


2.44 


13.0 


15400 


754 



(NT(*,^XhLT 



SCOP 15 2 bfe&^tt&W t <D hybrid fr-Ct>|B*jgttfc*rt"* - t d^Sft 
ltt='^fn-/l' (TSA) 







IC50 (nM) 




P21 7 p D ; e-^ 


TSA 


HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


TSA 


» 

19.2 


68.3 


27.2 


445 



EJLh©j£*J:») % «3y7t^^3 LDLL#J;«? LDLD i$<Djj 
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*ttHwv^-cttDTT*# T ^^^ (x = H ) vmm^mhcvmm&m 



&5 





IC50 (nM) 


P21 ^P^-^- 


HS^J HDAC1 


HDAC4 


HDAC6 EC50 (nM) 


152 NT 


NT 


NT 3510 



DTT*#TCJt^T. EC50m&±Z<t^fc o DTT pH & 

52. iis w^u*?© hdac ia*isHt©sug 

^T'WI-^i^^i^ofCo th-^WAJua (HeLa) « 10%FB 

S*ttttLfcllllUtftt*Jiv\ 37<C, WC»fb«*«T, **«ft*iU!>r 
y*»^-*-fc;g^TJ&*8rfTofc 0 15000 fl/ml <D»^T 
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6R#ra*g*LfCo M&PBS T?gfco7c^ lysis buffer (5 OmM Tr 
i s-HC 1 (pH7. 5) N 12 OmM NaC 1 N 5 mM EDTA N 0. 5 
% Non i d e t P-4 0) fcSHBU y^-Va^Lfco ±*t&3l'C>#$t 
fcXVM®, SDS buffer lOOtJT? 5^Mto3SUfef-^^ lBJtSDS 

AKL5C1 (^ir/s'yxtH % 2 Jfc&fr : anti-v ? X (LIFE SCIENCE) T^3ffi^ EC 
L(amersham pharmacia biotech) j&H L^ Tir^/Wt^^ K^M&tti&fTo (HI 

6) o E6^c*5v^TlBilUTv^5^b'a^feo»^©J^^^^3[ttnll•e&So 

HI 6 ^-r®!9 , p21 ^P*- ^-fl#Stt«(D^m(EC50) i-ftLfclM 

SCPO ©fcUSHlte^* h£fc h0IE^« (TIG-3) „ t h^^/UffllS (HeLa 
) SrJl^TfTofco i^fe TIG-3 HeLa M£ lOflFBS £»L7c DMEM10 

TJfc*«rfTofc 0 TIG _ 3 30000 HH/ well N HeLa ft 10000 ffl/well OfMI 
T9 e^^D/U-fCSiU #well Sfc9±»©#ifil00/tl fT?18 

❖ well <2±?jt30/U %m<D9 B^^oA-M^KA), aSofc±i*«r 
B&V>fc 0 ^r|31 N 0. 5%Triton-X / PBS & 100 v 1 M Z.X * § 6 

K:S'J©9 6^-v^^P7 ,> Wh^30/zl-fo^Ufc(B) 0 rtlf,©96^^ 
n ^ V— b A, B <D& well LDH-Cytotoxic Test (Wako) (DgSffifltf: 30/* 1 T 
oAfris St-fegJfc&Siirfc. KJfc#Jktt60/ilfcfln 
^.TM-feS^SrfStJt 0D560 nm ©3§&5&^£^-f * n^W- b P — ( 
Softmax)T«Lfc 0 £fg£LDH *i LT[A/(A+B)]S:^lE>fc. |Bg8H£BU 5» 
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LDH^50 %kftZk%<DWk&%U)50 kLX7FL± 0 fcfc, #A/JHft3KfiMtll 

LD50(nM) 

HfSfl HeLa TIG-3 «Hi&ftg£1£ 



TSA 


41.4 


1580 


38.2 


SCOP 152 


370 


6780 


18.3 


SCOP 304 


151 


3471 


23.0 


SCOP 402 


1170 


13300 


11.4 


SCOP 405 


179 


7900 


44.1 


SCOP 304/DTT 


47.1 


1190 


25.2 


SCOP 402/DTT 


161 


4460 


27.8 



im\m^imQ'mm&iri-z> - t tut. 

SCOP 152, SCOP 304^ SCOP 402 ©jfitft* T?©^ttOii(tKTO^T 
fTofco FCS 99/zl *|£SC0P 152 ~BlX$ SCOP 304 (10 mMh SCOP 402 (10 mM) £ 
l^l^JPx.T3 7°C-C^*^-bL*: 0 iflfctifflrtlz: 1 ml ©f|«3i^/l/ 

imx^«rff£L^HDMS0 100a1*JP*.T»«|S**: o r<D*g»;g 
ICDMS0T?1 0f£«Lfc*>©£Ji^Tp21 ^M-^HJSjgftcHJfefcffofc 
o -T^3.^-h^o©?S#Srl00%iLTS^lt|^L7t (07) . 
EI 7 t^^-r® 9 , jkfff tf»-C SCOP 304 jo <fc SCOP 402 f* SCOP 152 «fc V 



WO 03/070754 



PCT/JP03/01859 



-51- 

^Lttx hy<D7±i^Mki"<^%V*x?y-?$BLfr (®8) o 
^f* N fc b^F^yUfflJ^ (HeLa) 10%FBS &??S#Q Lfc DMEM J#±t6^V\ 37°Cs 

15000 flU/ml ©«^S-e 6 WZ.1 ml ML, 18 B^ig* 

Lfd, W-fb^^^rTSA, SCOP152 33£TJ?SC0P304 «20O nM, SC0P402 \% 

\Mz.tz%&om^, mzmzm'&.mmmvtc, mmzpBsx^otc^ 1 

ysis buffer (50mM Tris-HCl (pH7. 5) „ 120mM NaCl, 5mM EDTA, 0. 5% Nonid 
et P-40) IOK»U ys^-VByifc, ±ft«rS'L^«lziJ:D^«), SDS buf 
fertjl^U 100°C^5^«SLfcf-^^15%SDS^-T?«^Sim, * 

5?—)% 2#$t#: : anti-r £ * (LIFE SCIENCE) X*®>Wfc ECL (amersham pharmacia 
biotech)Mbs T-fe^HL/^y K©ttil^ofe 0 
#^©ft^ti:HDACl, 4{^LTte3$Wl#?gtt£^Lfc^ HDAC6 {C>ff 

ac6 wm-th ^ i tei^Ko^s pitittd^x. t>fr%o *mm<Dfc&w\z 

it. HDAC6 MtfMStf^tf-IK , TSA (C^V^T'^-r - t d»6> 

±^©ii D s *»W©fl5-fr*tt^ HDAC 1 , 4 {<:*j- LT»ftfc:3feV^l^H4& 
3*1% ^§oT, *3SW©-fl2-a*tt, HDAC, £Dfc>{j\ HDAC1 , 4^Bi#UTV>5 
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1. &TF<D—1S&. (1) TttZhZfc&ltBo 
R 43 O 




r 23 , r 32> r 33 , r 42 , ^n^^tim^hx^m. mmwn^(oKmr?v^,vm 

T/v^vgfc b < £ fcS^#^^^bfc^»^T 

^^S©V^f tbd>*^-f o Rj, t R 22 , R,, R,,, R,, £ R 32 , R 32 1 R« 

Hlfc 1-5 ©SiT/^vyS, 1-6 ©^«E«tSr^ri-5«^5l»[ 1-5 

OWMTAs^wm, fcb<tt, ^iCl-6^#3g^#^7t^^iCl~5 

oiiiiT^^yssr^brM^LfcJitflfiii^t-. xte> attxiot 

5£fct>fc5T^*^gfcb<W:r!7~/v£, ^fc«Hul2R 22 , R^, R 32 , R3 3 , R« 
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&mmm 0 

5 . 1 IB«(D^%^^M^^ LT^i"5 % iL^ff^Pim 
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